Melt processable plasticized cellulose diacetate (CDA) was prepared using triacetin (TA) as a plasticizer and its mechanical properties were characterized. The processability of the plasticized CDA was further enhanced by using a small amount of epoxidized soybean oil as a secondary plasticizer. The glass transition temperature of the plasticized CDA was observed at 50℃ lower than that of the virgin CDA and the incorporation of 5 % of ESO also resulted in an additional 20℃ decrease in the Tg value. In order to obtain practical processing conditions, a plasticizer content of more than 20 wt % should be used.
Introduction
Cellulose is the most abundant naturally occurring macromolecular material on the surface of the earth. Cellulose usually occurs in the cell walls of green terrestrial and marine plants. For millennia, it has provided mankind with a functional, low cost and renewable raw material. As a biomaterial, cellulose can be converted into a wide range of derivatives with tailored properties for a variety of applications. Cellulose is a polymer consisting of D-glucopyranose units, in which the monosaccharide residues are linked by β-(1→4) bonds and the chains are not branched. The β-(1→4) linkage results in a rigid or semi-rigid chain polymer that is ideally suited for forming fibrils via inter and intra-chain hydrogen bonding between the -OH groups on the glucose residues. Because of the high degree of strong hydrogen bonding, cellulose is insoluble in water and organic solvents. These hydroxyl groups in cellulose can undergo any of the chemical reactions that are common to all primary and secondary alcohol groups, such as esterification, nitration, etherification and oxidation. Though these reactions, the degree of hydrogen bonding can be decreased, resulting in enhanced solubility in organic solvents and a variety of useful polymers can be created. Among these modified forms of cellulose, cellulose acetate is by far the most important material, because of its broad range of applications in fibers and plastics. In general, cellulose diacetate(CDA) is used as a fiber or film and is processed in solution using acetone as a solvent, which causes extra expense to be incurred, so that it should be recycled in an additional process for economic purposes. If this solution process could be replaced with a cheap thermoplastic melt process, CDA would be a strong candidate to substitute for the commodity polymers produced by the petrochemical industry. However, the main drawback of cellulose diacetate is that its melt processing temperature is very close to its decomposition temperature, which means that it needs to be plasticized in order to be used in thermoplastic processing applications.
Triacetin is a nontoxic ester of glycerol/acetic acid and has been approved as an eco-friendly plasticizer for many applications. It is of interest to determine its usefulness as a plasticizer for CDA as well as the physico-mechanical properties of the plasticized CDA.
In this study, CDA was mixed with triacetin to yield a melt-processible biodegradable plasticized form, whose mechanical, thermal, dynamic mechanical properties were analyzed.
Experimental Section
Material. Cellulose diacetate (Mw ca. 202, 332 g/mol, 54.5 wt.% acetyl content, degree of substitution 1.83) was supplied by Eastman. The triacetin(TA) used as a plasticizer was purchased from Aldrich Chemical, and the epoxidized Soybean Oil (ESO, Mw. 1000) used as a second plasticizer was purchased from Shindongbang Chemical Co. All materials were used without further purification. The CDA powder was dried overnight in a vacuum oven at 80℃ before processing. Processing. The plasticized compound was prepared by mixing appropriate amounts of cellulose diacetate (CDA), triacetin (TA) and epoxidized soybean oil (ESO) in a high speed mechanical mixer for 5 min and then storing in a zip-lock bag at RT for 48 h. Next, the plasticized mixture was fed into a twin-screw extruder (BAUTECH, in Korea) to yield a pelletized form. The temperature profile of the extruder from Zone 1 through Zone 6 was kept between 130℃ and 190℃, and the exit temperature was 200℃.The extruder was operated at a screw speed of 100 rpm. The resultant plasticized pellets were compression molded to yield dog-bone shaped products which could be used for conducting mechanical tests based on ASTM 1708. The resultant specimens were 0.5 x 40 x0.3 mm in size. Characterization. The tensile test was performed using a universal testing machine, a LLOYD LR 30K. The maximum load was 1kN and the strain rate was 10 mm/min. The dynamic mechanical analysis was conducted with a thermal analysis system, an Exstar 6000 (Seiko Instruments Japan). The experiments were preformed at a frequency of 1 Hz. under a pre-tension of 200 mN and in the temperature range from 25 to 250°C at a heating rate of 2 /min. This set up allowed us to measure the storage and loss moduli (E' and E'') and the damping parameter or loss factor (tan δ ), which is defined as the ratio: tan δ = E''/E'. The enzymolysis of the materials was carried out under the conditions defined by KSM 3100-1.
Results and Discussion
The plasticized cellulose diacetate (CDA) was prepared by the melt processing methods using triacetin (TA) as a plasticizer. Additionally, the processability of CDA was further enhanced by using a small amount of epoxidized soybean oil as a secondary plasticizer. In the figure 1, the glass transition temperature of the plasticized CDA was observed to be 50℃ lower than that of the virgin CDA and the incorporation of 5 % ESO resulted in an additional 20℃ decrease in the Tg value. The original CDA is not suitable for melt processing because it undergoes thermal degradation before reaching the melting transition temperature. However, the plasticized CDA exhibited feasible melt processability.
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In the processing of the plasticized CDA, at least than 20 wt % of the plasticizer should be used in order to allow melt processing to be carried out. As the plasticizer content increases, the mechanical properties change such that the material becomes softer. In the case of the sample containing 20 wt % of the plasticizer, its modulus and tensile strength were 131 MPa and 3671 MPa, respectively. These mechanical properties are superior to those of commercial PP and PLA. The aerobic biodegradability of CDA under controlled composting conditions was found to correspond to 90 % degradation after 60 days. 
Conclusion
Cellulose diacetate (CDA) was successfully plasticized by the melt-processing reaction of CDA with TA and ESO. The glass temperature (Tg) of the CDA was lowered by 50 ℃ and a further 20 ℃ by the addition of TA and ESO. As the plasticizer content increased, the mechanical properties changed such that the material became softer. The aerobic biodegradability of CDA under controlled composting conditions corresponded to 90 % degradation after 60 days.
